Objectives Evaluation of the changing trends in esthesioneuroblastoma in an Irish context and review of management options nationally to clarify the best current therapeutic approach by comparing with international research on this uncommon malignancy. Design Retrospective review. Setting Tertiary referral center. Participants All patients presenting with esthesioneuroblastoma in Beaumont hospital or on the National Cancer Registry of Ireland between 1994 and 2013. Main Outcome Measures Recurrence-free and overall survival. Results During the study period, 32 cases of esthesioneuroblastoma were diagnosed (0.4 per million per year). Average age at diagnosis was 57 years; however, two cases were under 20. The majority (62.5%) were male. Patients predominantly presented with epistaxis or nasal congestion (73%), while two cases were identified incidentally on radiological investigations. Twenty-seven cases underwent primary surgical management (two post neo-adjuvant treatment) with seventeen requiring bifrontal craniotomy. Twenty-four of these received postoperative radiation therapy. Overall, 5-year survival was 65%. Kadish A/B patients exhibited 100% 5-year disease-specific survival versus 54% in Kadish C/D (p ¼ 0.011). Hyams grade I/II patients exhibited 75% 5-year disease-specific survival versus 63% in Hyams grade III/IV (p ¼ 0.005). Patients treated endoscopically exhibited 100% 5-year disease-specific survival versus 51% in those treated via an open approach (p ¼ 0.102). Conclusions Many controversies exist in the diagnosis and management of this condition. Despite this, results from Irish data are mostly concordant with the international literature. The rising incidence of this disease may represent improved pathological recognition. An increasing number of esthesioneuroblastoma cases are being successfully treated via endoscopic surgery.
Introduction
Esthesioneuroblastoma is a primitive neuroectodermal malignant neoplasm that arises from olfactory epithelial cells of the upper nasal cavity. First described by Berger et al in 1924, 1 it is an uncommon tumor with a reported incidence of 4 per 10 million people per year, 2 with only $1,400 cases described in the literature. 3 It accounts for 3 to 5% of tumors in the sinonasal tract. 4, 5 Although it presents at a wide range of ages, and traditionally was described as having a bimodal distribution with peaks in the second and sixth decades, 4 recent studies would suggest the peak in the second decade to be much smaller than previously believed and that there may be an even distribution across decades, with peaks in the fifth and sixth decade. 3, 6, 7 There is slight male predominance with a reported ratio of $55:45 male:female, based on large cohort studies and the Surveillance, Epidemiology, and End Results (SEER) database, 5, 6, 8 although other studies have reported no gender differences in incidence.
9
Esthesioneuroblastoma is of neural crest origin with molecular analysis suggesting it is derived from immature olfactory neurons. 10 Although under debate, the most likely and generally accepted site of origin is the region of the basal cells of the olfactory neuroepithelium. 11 It is a small round blue cell tumor, which is phenotypically intermediate between a pure neural neoplasm and a neuroendocrine epithelial tumor. 7 Irregular nests of small round hyperchromatic cells forming lobules or diffuse sheets within fibrovascular stroma and displaying varying degrees of rosettes and pseudorosettes are characteristic histologic features of esthesioneuroblastoma.
12
The lack of randomized controlled trials has hindered the establishment of a gold standard treatment protocol for esthesioneuroblastoma. Current best practice in management is based largely on retrospective observational studies, which typically have limited numbers of patients due to the rarity of this disease. Nonetheless, observational studies generally indicate that surgery combined with postoperative radiation results in prolonged disease-free and overall survival compared with either treatment modality alone.
Traditional approach to surgical management of esthesioneuroblastoma has involved anterior craniofacial resection through a combined bifrontal craniotomy and transfacial approach to ensure en bloc removal including anterior skull base resection. However, there remains a high postoperative morbidity of 35% and mortality of 2 to 5%. 13 Therefore, other approaches, including a transnasal, transfacial approach via a lateral rhinotomy incision, have been described with reduced morbidity and outcomes comparable to traditional anterior craniofacial resection. 14 More recently, expansion of endoscopic endonasal techniques has facilitated treatment of anterior skull base malignancies via minimally invasive approaches, but respecting oncologic principles. 15 Treatment of esthesioneuroblastoma by this method was first attempted by Stammberger et al, 16 with further studies establishing that the endoscopic approach is an appropriate treatment modality in carefully selected patients.
7,17,18
Esthesioneuroblastoma has a long natural history characterized by high rates of locoregional recurrence after conventional therapy; therefore, close post-treatment surveillance is advised. 19 Due to the complexity in the diagnosis and treatment of this tumor and the debate that exists on the best practice, management in a tertiary referral center involving a widely skilled multidisciplinary team is appropriate. A choropleth map, or visually graded representation of frequency or density within predefined areas, was generated to depict number of cases by county of origin within Ireland. This was generated using CartoDB® software (CartoDB, Madrid). Statistical analysis was performed using IBM SPSS Statistics Version 23.0.0.2 software (IBM Corp., New York, United States). For each patient, the disease-specific survival was measured in days from the date of diagnosis to censoring (either the date of the latest follow-up or the date of death by other cause) or death from disease, whichever occurred first. Recurrence-free survival was measured in the same way, but considering date of diagnosis of recurrence instead of death from disease. Survival analysis employed the Kaplan-Meier method, and the difference between strata was assessed for significance using logrank tests. Patients treated with palliative intent were excluded from survival analysis when comparing approach to treatment with endoscopic or open surgery. Average age at diagnosis was 57 years; however, two cases were less than 20 years old. The majority of cases were male at 20/32 (62.5%). Median duration of follow-up was 67 months. Kaplan-Meier curve for overall survival is shown in ►Fig. 2. Overall, 5-year survival was 65%.
Methods

Results
Thirty
Patients were managed through a single-center multidisciplinary team. Presentation was predominantly with nasal congestion or epistaxis (73%), while two cases were identified incidentally on radiological investigations. Two patients with a tumor stage of Kadish D were treated with palliative intent. Primary treatment was non-surgical in three cases; one was treated with chemoradiation and two with radiation alone Primary surgical management (two post neo-adjuvant treatment) was undertaken in 27 cases with 18 requiring bifrontal craniotomy. Postoperative radiation therapy was given to 24 patients. There was no endoscopic resection performed prior to 2008; however, since then six (50%) patients have been managed with endoscopic resection.
Metastasis to the neck, at level I, was seen in one patient 6 years post treatment for the primary tumor. This was managed by modified radical neck dissection, with the pathology confirming extracapsular extension. The patient received external beam irradiation of 60 Gy over 30 Fr unilaterally to the left neck and remains disease free at the latest follow-up. Metastases to the spine or the lungs were seen in three patients.
Kadish A/B patients exhibited 100% 5-year disease-specific survival compared with 54% in Kadish C/D (p ¼ 0.011). KaplanMeier survival curves are shown in ►Fig. 
Discussion
Irish results are mostly consistent with international literature pertaining to esthesioneuroblastoma, although a higher proportion of males appear to be affected in Ireland. As it is an uncommon malignancy, highly powered studies on the diagnosis and treatment of esthesioneuroblastoma are difficult to produce. As a result, there are several areas of dispute in its management, which warrant further investigation with multicenter trials, such as the optimal management of the node negative neck at the initial presentation. The complex phenotype, combined with the tumor rarity and variability in biologic activity from indolent to aggressive, leads to potential for misdiagnosis. Precise diagnosis is important to distinguish esthesioneuroblastoma from other similar sinonasal malignancies as prognosis is significantly different between them. 20 This relies on recognition of differential immunohistologic features of similar tumors as there is no immunocytologic stain specific to esthesioneuroblastoma. Improved recognition of this tumor by contemporary histologic techniques may reflect increasing incidence. 6 The increase of 220% between the two decades included in this study could be explained by improved pathological recognition in smaller centers with appropriate referral for specialist pathological input in diagnosis, although it is possible that referral pathways in general may have altered, contributing to higher detection rates. Diagnosis by a pathologist familiar with skull base malignancy is recommended because a thorough knowledge of the immunohistochemical staining pattern of similar tumors is important to differentiate esthesioneuroblastoma from other potential diagnoses.
Hyams introduced a grading system in 1998 to further characterize this tumor, 21 based upon pathologic features, such as mitotic activity and necrosis, shown in ►Table 1. A meta-analysis of five studies demonstrated a significantly worse 5-year survival of 20% in Hyams grade III/IV versus 56% in Hyams grade I/II, 22 and a more recent retrospective study of 281 patients revealed similar results. 8 While the full breadth of the Hyams grading system in prognostication remains to be established, it is proving to be a valuable tool in characterizing tumor biology and, as it is an independent predictor of locoregionally aggressive disease and worse disease-free survival, it should be considered when contemplating adjuvant therapy. 23 Its value as a prognostic tool can be also seen in this study, with significantly improved survival in patients with a lower Hyams grade. There is no overall consensus on staging systems for esthesioneuroblastoma with regard to correlating disease extent with prognosis and guiding treatment; however, several systems are described based on radiological findings. The first and mostly widely used staging system was proposed by Kadish in 1976. 24 As this failed to account for metastatic disease, it was modified by Morita in 1993 by addition of Stage D representing tumors with regional or distant metastasis at presentation and is shown in ►Table 2. 25 An alternative staging system was proposed by Dulguerov and Calcaterra in 1992, 26 based on a TNM format, as they considered Stage C in the modified Kadish system to be very broad in its definition.
Biller also described a TNM-based staging system in 1990, which separated resectable and unresectable parenchymal brain disease. 27 These TNM-based systems have shown correlation with survival in some cases; 28, 29 however, most of the proposed staging systems are somewhat restrictive, and the utility of any of these currently described staging systems remains questionable. 23 Using the Kadish staging system in this study, a significantly worse survival was identified in patients with higher stage tumors.
Tumours most commonly present with unilateral nasal obstruction (70%) or epistaxis (50%), as demonstrated in this patient cohort, with less common symptoms including headaches, pain, excessive lacrimation, rhinorrhea, visual disturbances, and anosmia. 9 There are several reported cases of paraneoplastic syndromes related to vasopressin-or catecholamine-secreting esthesioneuroblastomas. 30, 31 The majority of cases exhibit indolent growth; hence, symptoms may have been present for a prolonged period. Therefore, it is not surprising that incidental diagnosis on radiological investigation is often the initial presentation, as was the case with two patients in this study. Although there are extremely rare descriptions of 'ectopic' presentation of tumors in atypical locations of the nasal cavity, it should be assumed that all cases involve the cribriform plate unless histologically proven otherwise. Cervical lymph node or distant metastases appear to develop irrespective of tumor grade with lung and bone the most common sites for distant metastatic disease.
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As technology has advanced in sinonasal surgery, an increasing number of esthesioneuroblastoma cases are being successfully treated via endoscopic surgery. Pooled data have revealed improved outcomes in cases treated endoscopically, even when only considering advanced disease. 32 Although survival outcomes are much better in endoscopically treated cases in this study, this is subject to selection bias as four out of six cases were Kadish B and two were Kadish C. The ultimate goal in surgery for these tumors is complete resection with clear margins, and this is crucial when selecting patients who are appropriate for resection with an endoscopic approach. Endoscopic surgery may be considered as an adjunct to an open approach or for palliative debulking in advanced cases.
Early diagnosis likely leads to improved survival; however, long-term prognosis appears to be good for the majority of cases due to their indolent nature, even despite disease recurrence or spread. This is reflected by the gap in results of recurrence-free and disease-specific survival rates in this study. A small number of studies recommend single modality therapy with either radiation or surgery in Kadish A tumors; 33, 34 however, the vast majority of studies suggest that combined modality therapy is most appropriate in the management of esthesioneuroblastoma as it has been reported to improve local tumor control, particularly in advanced stage and high-grade disease. 35, 36 Adjuvant radiation can be used alone or concurrently with chemotherapy postoperatively as cisplatin-based chemotherapy is active against esthesioneuroblastoma even in advanced stage and high-grade disease. 22, 37 Neoadjuvant treatment with chemotherapy and/or radiation may be of benefit in advanced disease; 38 however, further studies are necessary to determine its effectiveness.
39
Metastatic disease to the neck occurs in $5% of cases of esthesioneuroblastoma and is a poor prognosticator. 22 While rates of neck metastases on the initial presentation are low, the rate of regional failure post treatment of the primary site is as high as 20 to 25%. 19, 40 This is not seen in our study, with only one case of regional recurrence, managed successfully with neck dissection. This is also despite no cases undergoing elective neck dissection at the initial presentation. Combined modality treatment with selective neck dissection and postoperative radiation, with or without concurrent chemotherapy, is advocated to manage any node positive neck, whether at the initial presentation or as regional failure.
19
Optimal management of patients who present with a node negative neck at the initial presentation is uncertain. Due to the high rate of regional failure, prophylactic treatment of the neck with selective neck dissection and/or radiation has been suggested in those considered high risk for metastatic spread such as Kadish stage B/C or Hyams grade III/IV. [40] [41] [42] This is because it has been suggested that mortality from disease in patients with recurrence in cervical lymph nodes is significant when compared with those who never develop neck disease. 43 However, with a long time to presentation of regional failure and potential for good control from appropriate salvage treatment, 3,44-46 a policy of observation and salvage therapy in the event of failure may be appropriate. Regarding neck irradiation, one study suggested that elective irradiation in those with a clinically negative neck could significantly reduce the risk of cervical nodal recurrence, but this did not translate to an overall survival benefit. 47 Unfortunately, there are no trials comparing prophylactic treatment of the neck versus observation and salvage therapy in the event of regional failure, but more studies reporting the prognosis of salvage therapy for regional failure may help guide future research. As accurate diagnosis of this heterogeneous tumor improves, there may be scope for focused molecular studies to aid in diagnosis and treatment. A few molecular markers have been investigated, with Bcl-2 present in up to 65% of cases.
48
Bcl-2 has been studied in relation to grade and treatment with neoadjuvant therapy, showing a trend of expression in higher virus particles have been demonstrated in tumor rosettes of esthesioneuroblastoma in cats and transgenic mice, but it has yet to be established as to whether there is any link between viral infection and tumor pathogenesis in humans. 22 No marker has yet proven clinically useful; therefore, multi-institutional and international collaboration, with centralization of cases, would offer a better chance at identifying molecular alterations to develop targeted therapy. 23 Meanwhile, the best practice is currently guided by mostly retrospective publications in the literature, with surgery and postoperative radiation considered as the gold standard of treatment.
50
Many controversies exist in the diagnosis and management of this condition, but a summary of optimal management, based on Irish and international results, is shown in ►Fig. 6. Results from Irish data are mostly concordant with international literature, demonstrating good outcomes for this disease if diagnosed early and treated appropriately. Due to the complexity and rarity of this disease, diagnosis and treatment should be in a tertiary referral center by appropriate multidisciplinary team members familiar with best practice in esthesioneuroblastoma management. Continued research and pooled data on this tumor will assist in the debate on the best approach for diagnosis and treatment.
Note
This paper was presented at the American Head and Neck Society, 9
th International Conference in Seattle, July 2016. 
